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1. Introduction
   The oxidative stress, or the imbalance between the 
production of free radicals in the body and their scavenging 
by antioxidant defense mechanism, is regarded as a 
leading cause of a variety of degenerative ailments such 
as cancer, cardiovascular diseases, diabetes, Alzheimer’s 
disease, arthritis, and macular degeneration[1]. Common 
free radicals produced in the body are oxygen based 
and termed as reactive oxygen species. They include 
superoxide radical anion (O2
•-
), hydroxyl radical (•OH) and 
peroxyl radical (ROO•). The exogenous molecules the body 
requires to aid its enzymatic process to maintain the redox 
balance include ascorbic acid, tocopherols, tocotrienols, 
polyphenols, carotenoids, and other phytochemicals, which 
are abundantly found in fruits and vegetables. The regular 
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intake of fruits and vegetables has been shown in numerous 
studies, to be effective against conditions of oxidative 
stress[2-5]. The study of the antioxidant potential of fruits 
and vegetables is, thus, highly desirable to explore new and 
more effective remedies against different diseases. 
   The fruit  of  Lagenaria siceraria  (plant family 
Cucurbitaceae) (L. siceraria), which is commonly used as a 
vegetable in Indo-Pakistan subcontinent, is known for its 
diverse therapeutic applications, and its regular consumption 
is thought to provide defense against many diseases[6-11]. 
The phytochemical investigation on the plant has resulted 
in the isolation of a variety of compounds including vitamin 
B, ascorbic acid, beta-carotene, polyphenols, and a host 
of sterols[8,11,12]. The fruit has been shown to possess 
antihyperlipidemic, analgesic, diuretic, anti-inflammatory, 
cardioprotective, hepatoprotective, immunomodulatory, and 
antihyperglycemic activity[13,14]. The antioxidant properties 
of the fruit have been studied by a number of researchers. 
Deshpande et al. studied the free radical scavenging activity 
of epicarp, mesocarp, and pulp of the fruit using 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay in India[15]. Erasto 
and Mbwambo studied, in Tanzania, the radical scavenging 
activities of dried and fresh fruits using the DPPH method[16]. 
They also studied the ferric reducing capacity of the fruit 
extracts. A more detailed antioxidant study of the fruit was 
carried out by Deore et al. who determined not only the free 
radical scavenging activity using DPPH, hydrogen peroxide 
and thiocyanate assays, but also determined reducing power, 
and total phenolics in the ethanolic extract of the defatted 
fruits[17]. 
   The present work aimed to carry out a comparison of 
the antioxidant properties of the methanolic extracts of 
mesocarp and epicarp of the fruit of L. siceraria cultivated 
in Pakistan, and their fractions in various solvents, using a 
variety of assays. The purpose was to identify the part of the 
fruit that possesses maximum antioxidant substances and to 
explore their distribution in solvents of different polarities. 
Insofar as we could explore this is the first study of its type 
on this plant. 
2. Materials ad methods
2.1. Chemicals and instrumentation
   Sodium phosphate was purchased from BDH Chemicals; 
ammonium molybdate, sodium dihydrogen phosphate, 
disodium hydrogen phosphate, potassium ferricyanide, 
ammonium thiocyanate, potassium persulfate sodium 
nitrite and gallic acid were purchased from Riedel-de-
Haen. Tween 20 and ascorbic acid were bought from Fischer 
Chemicals. 2,4,6 tripyridyl-s-triazine (TPTZ), trichloroacetic 
acid, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic 
acid (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), and DPPH were purchased from 
Sigma-Aldrich, while rutin from Alfa Aesar, Folin-Ciocalteu 
reagent from Merck and linoleic acid were purchased from 
Bio-World.
   The solvents used were distilled on rotary evaporator 
(Buchi R-210). The absorbance was measured using UV-
vis spectrophotometer (Labomed, Inc. UVD-3200). The 
plant extract dilutions were sonicated for homogenization 
on sonicator (Fisher Scientific FS60). Centrifugation was 
performed in Scientific K3 series Centrifuges.
2.2. Plant collection, extraction and fractionation
   The fruits of L. siceraria were collected from Pattoki 
(Punjab, Pakistan). After thoroughly washing with distilled 
water, the epicarp and mesocarp of the fruits were carefully 
separated. Each part was crushed to a paste like material, 
and dried in an oven at 45-50 °C to finally obtain a powder. 
It was soaked in methanol for 20 d for maximum extraction. 
The extract was filtered and dried on the rotary evaporator at 
reduced pressure. The methanolic extract obtained was then 
suspended in distilled water and fractionated successively 
into solvents with increasing polarity. As a result, hexane, 
chloroform, ethyl acetate, n-butanol and residual aqueous 
fractions were obtained.
2.3. Total phenolic content (TPC) assay 
   The method reported by Slinkard and Singleton was 
used to estimate phenolic content in methanolic extracts 
of epicarp and mesocarp of L. siceraria and their sub-
fractions[18]. Each plant sample (10 mL) was prepared by 
dissolving the dried extract or fraction in methanol to obtain 
solution with concentration 1 mg/mL. In a glass vial, 40 µL (1 
mg/mL) of the plant extract/fraction (or gallic acid solution) 
was taken and 3.16 mL of distilled water was added, followed 
by the addition of Folin-Ciocalteu reagent (200 µL) and the 
solutions were mixed thoroughly. After an incubation of 8 
min, 600 µL of sodium carbonate solution (7%) was added 
and mixed. The glass vials containing the samples were 
incubated at 40 °C for 30 min. The blank was prepared by 
using the same abovementioned procedure adding 40 µL of 
methanol in place of sample. The absorbance was measured 
at 765 nm. Gallic acid was used as a standard and TPC was 
expressed as µg/mL of gallic acid equivalents (GAE). For this 
purpose, a calibration curve of gallic acid was prepared with 
concentrations ranging from 0.05 to 0.25 mg/mL.
2.4. Total flavonoid content (TFC) assay
   The TFC was determined by following a reported method[19]. 
Briefly, 300 µL of sample (3 mg/mL) or standard solution 
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was mixed with 3.4 mL of 30% aqueous methanol to clarify 
turbidity. To the clear solution, 150 µL NaNO2 (0.5 mol/L) 
and 150 µL AlCl3 (0.3 mol/L) solutions were added. After 5 
min interval, 1 mL NaOH solution (1 mol/L) was added. The 
contents were mixed well and absorbance was detected 
at 506 nm. Rutin, a flavonoid, was used as a standard, and 
TFC was expressed as µg/mL of rutin equivalents (RE). The 
calibration curve of rutin was prepared with concentrations 
ranging from 75 to 750 mg/L.
2.5. DPPH radical scavenging assay
   The free radical scavenging activity of epicarp and 
mesocarp was determined using the assay proposed by 
Brand-Williams et al[20]. In the reaction vessel, 3 mL of the 
DPPH radical solution (24 mg of DPPH diluted with methanol to 
an absorbance of 0.98依0.02 at 517 nm) was mixed with 100 µL 
of the plant extract or the standard solution. The absorbance 
was measured at 517 nm after 30 min incubation at 37 °C. The 
antioxidant ability of the sample was determined using the 
formula:
 % Activity=
Ac-As
Ac[ ]×100
   Where Ac is absorbance of control (it is the absorbance 
of the reaction vessel run without sample), and As is 
absorbance of the sample. 
2.6. Phosphomolybdate assay (PMA)
   This assay is used to determined total antioxidant activity 
of a sample. A reported method was employed to conduct this 
assay[21]. In the reaction vessel, 3 mL of phosphomolybdate 
reagent (100 mL 0.6 mol/L sulfuric acid, 100 mL 28 mmol/
L sodium phosphate and 100 mL 4 mmol/L ammonium 
molybdate solution) and 300 µL of plant extract (250 µg/mL) or 
standard were added. The reaction was protected from light 
and incubated at 95 °C for 90 min. A blank without sample 
was also run. The contents were cooled and absorbance was 
measured at 765 nm. The antioxidant activity was reported in 
µg/mL of ascorbic acid equivalents (AAE).
2.7. Ferric reducing antioxidant power (FRAP) assay
   For FRAP assay, the protocol reported by Benzie and 
Strain was employed[22]. The FRAP reagent was prepared by 
mixing 25 mL acetate buffer (pH 3.6, 300 mmol/L), 2.5 mL 
TPTZ solution (10 mmol/L in 40 mmol/L HCl) and 2.5 mL ferric 
chloride solution (20 mmol/L). In the reaction vessel, 2.85 
mL of FRAP reagent (warmed for 15 min at 37 °C prior to use) 
was taken along with 150 µL of plant extract (100 µg) or the 
standard. The mixture was incubated for 30 min in the dark 
followed by measuring the absorbance at 593 nm. A blank 
was also run without the antioxidant or sample.  
2.8. Reducing power assay
   The method reported by Oyaizu was conducted to carry out 
the reducing power assay[23]. In the reaction vessel, 2.5 mL 
(1 mg/mL) of plant extract or the standard was mixed with 
2.5 mL sodium phosphate buffer (pH 6.6, 0.2 mol/L) and 2.5 
mL potassium ferricyanide (1%). The reaction mixture was 
incubated for 20 min at 50 °C. Then, 2.5 mL trichloroacetic 
acid (10%) was added and the mixture was centrifuged at 650 
r/min for 10 min. After centrifugation, 5 mL supernatant was 
mixed with 5 mL distilled water and 1 mL ferric chloride 
(0.1%). The absorbance was taken at 700 nm. Results were 
given as a comparison to the standard gallic acid.
2.9. ABTS radical scavenging assay
 
   ABTS radical scavenging assay was conducted according 
to the method reported by Re et al[24]. The assay is based on 
ABTS radicals, which are generated by the reaction of 9.5 mL 
ABTS solution (7 mmol/L) with 245 µL potassium persulfate 
(100 mmol/L). The volume was then made up to 10 mL with 
distilled water. The solution was kept in dark at room 
temperature for 18 h prior to use. After that, the solution was 
diluted with 0.1 mol/L potassium phosphate buffer so as to 
obtain an absorbance of 0.70依0.02 at 745 nm at 30 °C. For the 
assay, 10 µL plant extract/fraction (0.5 mg/mL) was mixed 
with 2.99 mL ABTS radical solution. The absorbance was 
measured at 734 nm after 8 min. The antioxidant ability of 
the plant extracts was expressed as Trolox equivalents. 
2.10. Lipid peroxidation inhibitory assay
   The method described by Mitsuda et al. was followed 
for performing the assay[25]. In the reaction vessel, 100 µL 
plant extract (5 mg/mL) or standard was mixed with 2.4 mL 
potassium phosphate buffer (0.4 mol/L, pH 7) and 2.5 mL 
linoleic acid emulsion. The mixture was incubated for 25 
min at 37 °C. An aliquot of 100 µL of this solution was taken 
after every 24 h for 3 d and mixed with 3.7 mL ethanol and 
reacted with 100 µL ferrous chloride (20 mmol/L) and then 100 
µL 30% ammonium thiocyanate solution. The absorbance was 
measured at 500 nm. A solution containing 2.5 mL linoleic 
acid emulsion and 2.5 mL potassium phosphate buffer was 
run as a blank.
2.11. Statistical analysis
   Experiments were carried out in triplicate. Statistical 
analysis was performed using MS Excel 2010 and results were 
expressed as mean依SD. IC50 values were calculated using 
Biodata fit online software.
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3. Results 
3.1. TPC and TFC 
   TPC and TFC of methanolic extracts of mesocarp and 
epicarp of L. siceraria and their sub-fractions in various 
solvents were determined using reported protocols and 
the results are exhibited in Figures 1 and 2. As is evident 
from the figures, the epicarp showed much higher values 
of TPC as compared to the mesocarp. The TPC of the ethyl 
acetate fractions of both the fruit parts was exceptionally 
high (243.50 and 109.50 µg/mL GAE for epicarp and mesocarp, 
respectively). The TFC values displayed an interesting 
pattern (Figure 2). The TPC of hexane fractions of both the 
fruit parts showed the highest values. The ethyl acetate and 
chloroform fractions also exhibited good amounts of TFC. 
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Figure 1. Comparison of TPC of mesocarp and epicarp of L. siceraria.
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Figure 2. Comparison between TFC of epicarp and mesocarp of L. 
siceraria.
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3.2. DPPH radical scavenging activity
   The ability of methanolic extracts of epicarp and mesocarp 
of L. siceraria and their fractions in different solvents to 
scavenge free radicals was determined using DPPH assay and 
results are shown in Table 1. The methanolic extracts and 
their fractions in different solvents exhibited dose dependent 
free radical scavenging activity. IC50 of methanolic extract 
of epicarp was lower than that of mesocarp (10 and 15 mg/
mL, respectively). Ethyl acetate fraction of epicarp was 
most active with IC50 of 1 mg/mL, followed by n-butanolic 
and chloroform fractions with IC50 of 3 and 10 mg/mL, 
respectively. IC50 of ethyl acetate fraction of mesocarp was 
lowest (4 mg/mL) followed by chloroform fractions (8 mg/mL). 
Hexane and aqueous fractions of both the parts were only 
weakly active. 
3.3. Total antioxidant activity by PMA
   Total antioxidant activity of methanolic extracts of epicarp 
and mesocarp of L. siceraria fruit and their fractions in 
various solvents were determined using PMA and the results 
are shown in Figure 3. Methanolic extract of epicarp showed 
higher total antioxidant activity than that of mesocarp. In 
both the fruit parts, chloroform fractions displayed the 
highest antioxidant potential in this assay indicating the 
presence in them of substances which can readily lose 
electrons to free radicals. Ethyl acetate fractions also 
exhibited considerable activity. Interestingly the hexane 
fraction of mesocarp exhibited significant activity in this 
assay. 
Figure 3. Correlation of anti-oxidative potential of mesocarp and epicarp 
of L. siceraria as measured in RPC (in terms of absorbance at 700 nm), 
TEAC and PMA (in terms of AAE).
RPC: reducing power capacity; TEAC: Trolox equivalent antioxidant 
capacity. 
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Table 1 
DPPH free radical scavenging activity (%) of methanolic extract of mesocarp and epicarp of L. siceraria and their fractions in various solvents, as a function of 
concentration.
Concentration 
(mg/mL)
Mesocarp Epicarp
Methanolic Hexane Chloroform Ethyl Acetate n-Butanolic Aqueous Methanolic Hexane Chloroform Ethyl acetate n-Butanolic Aqueous 
1  4.03依0.36     4.93依0.20  7.56依0.09 18.94依0.47  7.29依0.12  0.75依0.02  4.77依0.21  2.14依0.19  5.13依0.77 75.09依0.87 12.97依0.29 10.66依0.46
2  7.90依0.24  6.30依0.24 16.53依0.23 36.73依0.24 16.38依0.62 1.19依0.10 15.36依0.37  4.35依0.24 10.21依0.85 84.46依0.94 23.69依0.56 22.00依0.15
4 12.30依0.29  7.23依0.12 26.43依0.28 56.60依0.43 33.52依0.26  4.79依0.04 41.55依1.27  9.60依1.60 20.51依1.35 86.14依0.19 55.41依0.85 21.92依1.40
6 19.30依0.16 10.83依0.53 38.73依0.36 73.30依0.88 52.50依0.50  7.49依0.03 43.47依0.51 14.61依0.71 28.13依1.48 89.11依0.70 80.91依0.36 21.69依1.14
8 21.66依0.57  9.63依0.20 43.23依0.04 81.76依0.55 63.70依0.35 10.35依0.60 47.20依0.36 16.32依0.47 33.71依1.50 99.75依0.20 90.78依0.45 26.39依1.10
10 26.76依0.40 12.23依0.26 54.40依0.43 83.10依0.08 74.63依0.41 14.78依0.42 53.36依0.38 16.92依1.42 41.43依1.68 --- 91.53依0.65 28.23依1.25
IC50 15 45 8 4 31 30  10 35 10 1 3 19
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3.4. FRAP activity
   In the FRAP assay, epicarp, in general, showed better 
potency than mesocarp (Table 2) except for hexane fraction 
of mesocarp which showed higher value. Notably, chloroform 
fractions of both the fruit parts showed highest efficacy of 
almost equal magnitude (epicarp 83.96; mesocarp 81.56 AAE). 
Table 2
Antioxidant activities as per FRAP assay of methanolic extract of epicarp and 
mesocarp of L. siceraria and their fractions (µg/mL AAE, n=3).
Fractions/Extract Epicarp Mesocarp
Methanolic 61.96 45.56
Hexane 61.56 80.36
Chloroform 83.96 81.56
Ethyl acetate 67.96 57.56
n-Butanolic 58.76 49.16
Aqueous 45.56 52.76
3.5. RPC
   The RPC essay is based on reduction, caused by 
antioxidant, of ferric ions into ferrous ions, which is 
monitored by noting absorbance at 700 nm[26]. Epicarp 
exhibited higher values than mesocarp. High value of hexane 
fractions of both epicarp and mesocarp were notable (Figure 
3). The methanolic extracts and their fractions in solvents 
of low to moderate polarity (hexane, chloroform and ethyl 
acetate) were better antioxidants than gallic acid used as a 
standard. The fractions in more polar solvents (n-butanolic 
and aqueous) exhibited poor reducing power. 
3.6. TEAC by ABTS assay
   Methanolic extracts of mesocarp and epicarp of L. siceraria 
and their fractions were subjected to ABTS assay and the 
results are displayed in Figure 3. Both epicarp and mesocarp 
showed good TEAC values, mesocarp being slightly better 
antioxidant. The activities of chloroform and ethyl acetate 
fractions of mesocarp and ethyl acetate fraction of epicarp 
were almost equal to those of gallic and ascorbic acids used 
as standard for comparison. 
3.7. Lipid peroxidation inhibitory activity
   This essay evaluated the ability of a sample to inhibit 
oxidation of lipids and hence their rancidity. In the present 
study, we measured the inhibitory activity of the methanolic 
extracts of both epicarp and mesocarp of the fruit and their 
sub-fractions in different solvents (Table 3). The samples 
were monitored for 3 d with aliquot taken after every 24 h. 
The commercial lipid peroxidation inhibitory agent butylated 
hydroxyanisole (BHA) was used as a standard. The samples 
invariably exhibited better results than the standard. 
Although in most cases, there was an overall decrease in 
the activity with time, the methanolic extract of mesocarp 
displayed an overall increase. 
Table 3
Lipid peroxidation inhibitory activities of methanolic extract of epicarp (E) 
and mesocarp (M) of L. siceraria and its fractions in different solvents as a 
function of time. Activity of standard BHA is also given for comparison.
Time 
(h)
Methanolic Hexane Chloroform Ethyl acetate n-Butanolic Aqueous BHA
E M E M E M E M E M E M
0 0.47 0.32 0.39 0.34 0.17 0.36 0.29 0.36 0.17 0.33 0.20 0.32 0.040
24 0.07 0.29 0.08 0.34 0.09 0.29 0.07 0.31 0.07 0.63 0.07 0.46 0.064
48 0.15 0.58 0.09 0.51 0.09 0.57 0.23 0.63 0.13 0.97 0.19 0.95 0.070
72 0.10 0.59 0.13 0.17 0.10 0.14 0.11 0.14 0.11 0.18 0.10 0.20 0.093
4. Discussion
   The fruit vegetable L. siceraria is quite popular for its 
beneficial effects for health. It is to be antihyperlipidemic, 
cardioprotective, hepatoprotective, immunomodulatory, 
and anti-hyperglycemic activity[13,14]. As these properties 
are related to the antioxidant and free radial scavenging 
potential of the fruit, it would be therapeutically useful to 
estimate this potential. The present work, therefore, explores 
and compares antioxidant activities of the epicarp and 
mesocarp of the fruit using a number of assays. 
   Since phenolics and flavonoids have great potential to 
act as antioxidants, their estimation in a sample provides a 
measure of antioxidant potential of the latter. The pattern 
of TPC and TFC distribution in methanolic extracts and their 
fractions discovered in this study was in agreement with 
the outcome of other studies[27]. The flavonoid content of 
the whole fruit as measured by Sharma et al. was 17.9 mg/g, 
which is quite comparable to the values shown by non-polar 
extracts in the present study[28]. In our findings, exceptional 
values were observed for ethyl acetate fractions of both 
epicarp and mesocarp. Hossain et al. studied TFC of the roots 
of L. siceraria[29]. The results are comparable with ethyl 
acetate fractions of the epicarp and mesocarp in the present 
research. The trend indicated that the flavonoids present in 
epicarp as well as in mesocarp were of moderate polarity. 
Thus, the ethyl acetate fraction of epicarp should specially 
be a good source of phenolics. The amounts of flavonoids, 
however, were not significant in the fruit parts studied.
   The DPPH assay is a popular method to establish the free 
radical scavenging potential of a sample. DPPH is a stable 
free radical which is scavenged (reduced) by antioxidants 
present in a sample. As a result, its color change from violet 
to pale yellow is monitored through spectrophotometer at 517 
nm[20]. The free radical scavenging activity of both epicarp 
and mesocarp of L. siceraria was significant. Studies by other 
researchers on different parts of the fruit uncovered similar 
results[17,30,31]. Ethyl acetate fraction of epicarp exhibited 
highly significant activity, and showed notable efficacy 
even at very low concentrations. The trend can be explained 
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on the basis of high TPC value of ethyl acetate fraction of 
epicarp. Similarly, the ethyl acetate fraction of mesocarp was 
also very potent which may also be attributed to its high TPC 
values. These fractions showed minimum IC50 values which 
means they are effective even at very low concentrations. 
The results are not unexpected as phenolics are known to be 
good free radical scavengers[32,33].
   The PMA measures the potential of a sample to destroy 
free radicals, e.g., reactive oxygen species, by donating an 
electron. Under the reaction conditions, Mo(VI) of the reagent 
is reduced, by antioxidants present in the sample, to Mo(V) 
which forms a green colored product that is studied through 
spectrophotometer[34]. Both epicarp and mesocarp exhibited 
good antioxidant activity. The exceptionally high activity 
of hexane fraction of mesocarp indicates that this fraction 
contains compounds with ability to scavenge free radicals by 
transferring electrons. 
   The FRAP assay is based on reduction of iron(III) ions 
to Iron(II) ions by an antioxidant (or a reducing agent) 
present in a given sample. A colored complex ferrous 
tripyridyltriazine [(Fe(II)-TPTZ] is formed which is monitored 
spectrophotometrically[35]. This assay measures the ability of 
a sample to transfer electrons to free radicals. Interestingly, 
n-butanolic fraction of mesocarp displayed highest 
antioxidant power followed by its hexane fraction, indicating 
the fact that mesocarp contained both polar and nonpolar 
compounds with ability to act as free radical scavengers. The 
trend indicates the presence of strong electron transferring 
moieties in theses fractions which reduce ferric ions into 
ferrous ions under the reaction conditions. 
   In ABTS assay, the ABTS radical cation is allowed to be 
reduced by an antioxidant and the change is monitored 
spectrophotometrically. The results are expressed as TEAC 
values, where Trolox is an antioxidant and is used here 
as a standard[36]. In this assay, mesocarp of L. siceraria 
fruit proved to be stronger antioxidant than its epicarp. 
Moderately polar fractions of chloroform and ethyl acetate 
exhibited high potency which could be attributed, at least 
partly, to the presence of polyphenolic compounds in these 
fractions.
   The lipid peroxidation inhibitory trends of samples 
indicated that epicarp and mesocarp of this fruit contained 
both slow and fast releasing antioxidant components. 
Methanolic extract of epicarp, for instance, initially showed 
highest inhibitory activity which decreased over the next 24 
h but then it increased before declining again. The fractions 
of both the fruit parts exhibited almost the same pattern, 
which means the fruit as a whole possesses exploitable 
antioxidant potential.
   Study of the antioxidant properties of the epicarp and 
mesocarp of the fruit of L. siceraria demonstrated great 
therapeutic significance of the plant. Epicarp was more 
active which indicated the presence of bioactive chemical 
constituents in this part of the fruit. The ethyl acetate 
fraction of the methanolic extracts of both epicarp and 
mesocarp had good amounts of phenolics and flavonoids 
and remarkable free radical scavenging activity. Further 
phytochemical studies on these parts of the fruit have great 
prospects of yielding chemical compounds with exploitable 
medicinal potential. 
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